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THE PENETRATION OF AN ANTICHOLINESTERASE AGENT
(SARIN) INTO SKIN
I. RATE OF PENETRATION INTO ExcISED HUMAN SKIN*
IRVIN H. BLANK, Ph.D., ROBERT D. GRIESEMER, M.D. AND EDITH GOULD, B.S.
Criteria for determining the rate of penetration of any substance into the skin
must be chosen with care. When a severe reaction ensues after a vesicant such as
mustard gas has been placed on normal unbroken skin, one tends to assume that
the skin is readily permeable to the vesicant. Such reasoning is not necessarily
correct, however, because the severity of the reaction is primarily an index of
toxicity of the vesicant. It is possible for a substance to penetrate rapidly through
the skin and yet be undetected because it evokes no local or systemic reactions.
Therefore, the severity of local or systemic reaction is not a measure of the rate
of penetration of any substance. The most reliable method of determining degree
of permeability is to measure the quantity of a given substance which has actually
passed through or into the skin. In practice, this is often extremely difficult
because the quantities involved are sometimes so minute.
For the anticholinesterase agents, such as sarin (isopropyl-methyl-phosphono-
fluoride), methods have now been devised which permit determination of very
small quantities: 10 g by the colorimetric method (1), and 3 X 10 g by
enzymatic methods (2). It is possible to recover small amounts of sarin quantita-
tively from the skin by water extraction. With these methods it is possible to
undertake studies of skin permeability which have heretofore been impractical.
The undesirable features of sarin, i.e., its extreme toxicity and its lack of stability
in aqueous solutions, are offset by the accuracy with which it may be measured.
Several other recent developments have also facilitated study of skin per-
meability. Flesch (3) suggested a method for the detection at the dermal-
epidermal junction of material which has penetrated through the epidermis of
excised skin. The use of radioactive isotopes has been very helpful in determina-
tion of very small quantities of a substance and in detection of the actual position
of a substance within a tissue.
The data presented here concern only the quantitative measurement of the
rate of penetration of sarin into the dermis of abdominal skin excised at autopsy,
4 to 24 hours following death. These data show that the rate of penetration
(nip M/cm2 .hr) is independent of the amount of sarin applied and the duration
of penetration, but is dependent on the temperature, the continuity of the bar-
rier, and the physical state of the sarin (liquid or vapor).
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METHODS
Diffusion Chamber Design
The diffusion chamber used in these experiments is shown in Figure 1. In the
chamber, the skin, freed of its adipose tissue, is held between the two rings, C
and D, with the epidermis facing ring C. The area of the hole in these rings is
3 cm2. The four small pegs in the upper ring, C, which protrude through holes
cut in the skin and corresponding holes in the lower ring, D, prevent the skin
from sliding and puckering as the chamber is assembled. The "tongue and
groove" in the upper and lower rings make a tighter seal to prevent seepage
around the edge of the skin. Section B of the chamber screws onto section E
and carries a tygon gasket to make a tight seal against the upper ring, C. The
top surface of section E has a circular groove at the point where the pegs from C
protrude. Since sarin has a high vapor pressure, the space above it must be closed.
Cap A closes the space above the skin and seats against a tygon gasket on the
top of section B. A vertical air vent permits A to be screwed onto B without the
development of pressure in the space above the skin. A glass plate in the top of
the cap allows one to see the epidermis. This is not always necessary and the cap
Fia. 1. Diffusion chamber
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may be made without the glass plate. In some types of diffusion experiments,
it may be desirable to hold water or some other liquid on the dermal side of the
skin; for this purpose, section E can be made any desired length. Any material,
such as aluminum, brass, or nylon, can be used for the chambers.
Selection of Skin by its Electrical Conductivity
In these permeabifity studies, pieces of abdominal skin are cut to size, but
before being placed in the chamber their electrical conductivity at one volt
direct current is measured (4), using electrodes 16 rum in diameter. The skin is
held directly between the two electrodes and the measurement made at once.
We believe that electrical conductivity measurements can detect small breaks
in the major barrier in the skin.
Chamber Assembly Procedure
The skin is then placed between rings C and D, and the chamber assembled
except for cap A. After sam is applied to the epidermal surface from a micro-
pipette (it spreads easily over the entire surface), cap A is screwed tightly onto
the chamber. No liquid is placed in E, but a pledget of cotton moistened with
water is kept in E to prevent the skin from drying out. The chamber is allowed
to stand on a smooth surface.
Sampling of the Dermis
For difiusion experiments, the sarin is allowed to remain on the skin for the
desired time, then cap A is removed, the excess sarin washed from the surface
with 150 ml of distilled water, and the chamber dismantled. The diameter of the
piece of skin which is in contact with the sarin is 19.5 mm. From this area a disc
of skin is cut with a cork-borer 16 mm in diameter. This disc of skin is held in
water at 60°C for 1 minute, after which the epidermis is easily removed under a
dissecting microscope. Because some of the sam may have been mechanically
carried to the dermis by the cutting procedure and because the epidermis is
difficult to remove from the edge, a second disc of dermis is cut with a cork-
borer 10 mm in diameter. This 10 mm disc of dermis is frozen on solid carbon
dioxide and ground in a Wiley mill held at —20° C.
Extraction of Sarin
The ground dermis is placed in a centrifuge tube, 5 ml of distilled water is
added, and the mixture is stirred for approximately 2 minutes. After centrifuga-
tion at about 1800 g at room temperature for 10 minutes, the supernatant is
decanted. This entire process is repeated once, and the two supematants are
combined for analysis. If radioactive sarin has been used, the extracted dermis
can be completely digested with nitric acid, and, from a measurement of the
radioactivity of the digest, it can be shown that the extraction procedure is
better than 95% efficient.
Colorimetric Method
The amount of sarin in the combined supernatants is determined colorimetri-
cally by a modification of the method used by Epstein (1). In a colorimeter tube,
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aliquots of the supernatants (adjusted to 5 nil with water) are well mixed with
1.0 ml acetone, 0.1 ml 0.5 M potassium acid phosphate (K211P04.3 1120), 0.2 nil
1 % aqueous o-tolidine hydrochloride and 0.5 nil 1 % aqueous sodium perborate
(NaBO3 •4 1120). After 10 minutes the absorption is determined at 420 m in
the Klett-Summerson colorimeter. The color is stable for 30 minutes. The amount
of sarin is then calculated from a standard curve for sarin determined from
aqueous solutions of pure sarin of known concentrations.
In these dermal extracts there is some material which interferes with color
formation. The degree of interference varies from skin to skin. Therefore, colon-
metric data, as presented in the tables, may be low by as much as
70 nip M/cm2 hr. Correction of the data by this amount, however, will not alter
our general conclusions.
Detection of Radioa,ctive Sarin.
In experiments with sanin which has been synthesized with radioactive phos-
phorous (P32) 2 ml samples of dermal extract are counted in stainless steel
planchets of constant diameter to assure constant self-absorption by the extract.
An end window Geiger tube with a mica window less than 2 mg/cm2 thick is
used.
From the specific activity (counts/mm .pg) of the sarin applied to the epidermis
and the activity (counts/min) of the dermal extract, the amount (jig) of sam
in the dermal extract can be calculated, provided the sam remains intact.
Either before or after penetration, however, some sarin decomposes and some of
the 32 is therefore present in the decomposition products. Consequently, the
amounts of sarin determined by colorimetric measurements (intact sarin) are
always lower than the amounts of sari. determined by radioactivity measure-
ments (intact sarin plus decomposition products).
RESULTS
The effect of the following factors on the rate of penetration of sarin through
excised human skin has been studied:
1. Amount applied
2. Length of time of contact (exposure time)
3. Temperature
4. Trauma to excised skin
5. Physical state of sarin (liquid or vapor)
Effect of Varying the Amount of Sarin Applied to the Skin
Multiple chambers were assembled, using adjacent pieces of skin of low
electrical conductivity. Amounts of sarin varying from 10 to 100 pl* were applied.
Since sanin spreads easily on the cutaneous surface, the smallest amount applied
covered the entire 3 cm2. The sarin was allowed to remain in contact with the
skin for 1 hour at 37° C, after which it was washed from the surface with a fine
*1 pl = approx. 1000pg
1 pg = 7.15 mpM
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TABLE I
Relation of the rate of penetration to the amount of sarin applied
ExperimentNumber Age & Sex
Time Post
Mortem
(Hours)
Conductivity
(Microamperes)
Amount Applied
(gil)
Rate of Penetration
(mp Micra2 hi)
Colorimetric Radioactive
1
2
3
MM
70F
58F
15
16
6
13
13
1
<1
<1
<1
<1
2
10
100
15
75
10
25
50
100
228
214
21
36
57
21
29
14
707
650
114
107
207
79
79
93
* 1 p1 weighs approximately 1000 sg.
stream of water from a wash bottle. The pieces of skin were removed from the
chambers and the amount of sarin in the dermis was determined colorimetrically
and by radioactivity measurements as described above.
Table I shows the results of three such experiments. There is no indication in
any experiment that the amount of sarin which penetrates a unit area of skin
increases as the amount applied increases. In Experiment 3, the piece of skin
receiving the least amount of sarin seems to show the greatest penetration. This,
we believe, is an experimental error.
In all experiments, the amount of sarin which penetrated always appears
greater when measured by radioactivity than when measured colorimetrically.
This is to be expected, since some of the sarin which has penetrated will be
hydrolyzed by the water in the skin, and will not be present as active sarin. The
rate of penetration seems more rapid in the first experment than in the other two;
the rate of penetration has roughly paralleled the electrical conductivity.
Effect of Exposure Time
Adjacent pieces of skin were put on multiple chambers after their electrical
conductivity was measured. The same amount of sarin (25 tl) was applied to each
piece of skin. The chambers were held at 37° C for varying periods of time. At
the end of the exposure period the sarin was washed from the surface, the skin
removed from the chamber, and the amount of sarin in the dermis was deter-
mined. Table II shows the results of ten such experiments.
In experiments of this type, if all pieces of skin were identical and if the rate
of penetration became constant quickly, the amount of sarin which penetrated
(mj.t M/cm2 .hr) would be the same, regardless of length of exposure. In fact,
however, the pieces of skin studied are never identical, for there is a normal
biological variation from area to area, and there may, in some instances, be
minor undetected breaks in the barrier. If there is a delay in establishing a
constant permeability rate, the rate as determined the first hour will be less than
that determined over a 2- to 4-hour period, since less sarin will penetrate during
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the first hour than during succeeding hours. Also, since sarin in the skin probably
undergoes decomposition with time, the amount per unit time as determined
colorimetrically will appear to be less in those determinations made after the
longer periods of contact.
Experimental data show that there is no consistent tendency for the rate of
penetration of sarin, as measured by determinations of radioactivity, to increase
as the time of contact increases. This indicates that an equilibrium rate is rela-
tively quickly established (no time interval shorter than 1 hour was studied).
In five experiments, the rate of permeability, as calculated from colorimetric
determinations, shows a tendency to decrease with time. This results from the
instability of sarin in the presence of dermis. These two points are most clearly
seen in Experiment 2 in which the rate is nearly constant over a 4-hour period
as determined by radioactivity data, but appears to drop when calculated from
colorimetric data. After only 1 hour, nearly half of the sarin is active, but after
4 hours, only one-sixth is active.
TABLE II
Relation of rate of penetration of sarin to the exposure time
Exneriment
number & Sex
Time Post
Mortem
(Hours)
Conductivity
(Microamperes)
Exposure Time
(Hours)
Rate of Penetration
(nip M/cin2.hr)
Colorimetric Radioactive
1
2
3
4
5
6
7
8
9
10
66 M
31 F
66 F
64F
58 F
50F
74 M
62 F
80F
63 F
14
16
11
18
22
11
10
19
15
11
5
6
4
3
4
4
1
1
3
1
1
<1
2
1
3
2
2
1
3
<1
<1
3
2
1
2
1
1
3
2
1
2
1
2
3
4
2
3
2
3
2
2
3
3
1
2
1
2
3
1
2
1
1
2
2
1
2
3
4
43
86
300
264
107
121
100
29
236
114
250
164
179
386
43
50
100
43
14
21
43
0
29
36
43
107
64
136
14
214
379
664
715
715
758
535
915
706
350
592
457
465
850
157
150
143
79
122
93
143
171
200
307
350
357
379
543
329
PENETRATION OF SARIN INTO SKIN. I 305
Effect of Temperature
After their electrical conductivities had been measured, adjacent pieces of
skin were put on permeability chambers. A constant amount of sarin (25 l)
was applied to each piece of skin: one chamber was held at 37° C and the other at
room temperature (25 to 27° C). After 1 hour the excess sarin was washed from
the surface of the skin, the skin removed from the chambers, and the amount of
sarin in the dermis determined by colorimetric and radioactivity measurements
as in all previous experiments. Table III shows the results of such studies on five
different skins. In four experiments penetration was more rapid at 37° C than at
room temperature. This is not surprising since an increase in temperature speeds
all diffusion processes.
Effect of Trauma
It is difficult, if not impossible, to subject skin to a standard and controlled
amount of trauma. In these experiments, trauma has been produced by three
methods: pin-point punctures, scratching with a pin-point, and stripping with
adhesive plaster. After traumatization and measurement of electrical conductvi-
ity, the pieces of skin were placed on diffusion chambers, along with control,
non-traumatized skin. A constant amount of sarin (25 l) was always applied to
the skin. Some experiments were run at room temperature (25 to 27° C) and some
at 37°C. After sarin had been in contact with the skin for 1 hour, the excess
sam was washed off, the skin taken from the chambers, the epidermis re-
moved and the amount of sarin present in the dermis determined.
Table IV shows the results of seven experiments, in two of which the skin was
punctured and in five, scratched. In each piece of traumatized skin, the rate of
penetration was faster than in the corresponding control. The traumatized skin
also showed a higher electrical conductivity.
Successive strippings of the skin with adhesive plaster remove more and more
of the cornified epitheliurn. Measurements show that permeability of skin to
TABLE III
Relation of rate of penetration of sarin to temperature
Experiment
Number Age & Sex
Time Post
Mortem
(Hours)
Conductivit'
(Microamperes)
Temperature(I)egrees
Centigrade)
Rate of Penetration
(mp M/cm'hr)
Colorimetric Radioactive
1
2
3
4
5
67F
50F
74M
66M
7SF
6
11
10
14
4
2
2
3
2
2
1
5
3
<1
<1
37
RT*
37
RT
37
RT
37
RT
37
RT
21
14
43
0
100
36
43
0
0
0
678
279
157
36
143
64
214
93
72
93
* RT = Room Temperature 25-27°C.
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TABLE IV
Effect of traumatizing the skin on the rate of penetration of sarin
Age & Set
Time
Post
Mortem
(Hours)
Conductivity
(Microamperes)
Temperature(Degrees
Centigrade)
Rate of Penetration
(mj Micra2 'hr)
Colon-
metric Radioactive
1 48 F 7 control
2 punctures
4 punctures
6 punctures
<1
50
20
30
37
37
37
37
57
1130
1070
2660
214
2860
2860
5000
2 75 F 4 control
punctured
punctured
45
250
250
RT
RT
RT
50
57
100
3 67 F 6 control
scratched
2
110
37
37
21
435
678
1200
4 67 F 6 control
scratched
2
190
RT
RT
14
564
278
1035
5 87 M 12 control
control
scratched
1
1
400
RT
RT
RT
36
150
2890
6 64 M 4 control
scratched
1
300
RT
RT
214
1042
7 65 M 19 control
scratched
40
200
RT
RT
79
1313
* RT — Room Temperature = 25-27°C
water does not change much until the skin has been stripped more than six times;
then suddenly there is a definite increase in the permeability. Histological exami-
nation of sections of the stripped skin samples shows that this definite increase in
permeability occurs when a thin layer near the base of the stratum corneum has
been removed by stripping. Experiments of this kind have led to the conclusion
that the major barrier against transfer of the water molecule is not the stratum
corneum itself, but a very thin layer near the base of the stratum corneum (5).
Similar experiments with sarin indicate that this thin layer near the base of
the stratum corneum is also the major barrier against penetration of sarin. Table
V shows the results of stripping experiments on four specimens of skin. In the
first two experiments, six strippings did not significantly alter the skin per-
meability. Larger numbers of strippings caused a major change in both the
electrical conductivity of the skin and in its permeability to sarin.
Permeability of $arin as a Vapor
Sarin has an appreciable vapor pressure at 370 0. Therefore it is possible to
study penetration of sarin when only vapor is in contact with the skin. The diffu-
sion chambers used for this study permit such experiments; sarin can be placed
in a small glass cup in the bottom of cap A (Figure 1) and the entire chamber
held in an inverted position. In each experiment the penetration of vapor can be
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compared to the penetration of liquid sarin on adjacent pieces of skin. The
chambers were held at 37° C, and 25 /hl quantities of sarin were always used for
both liquid and vapor penetration.
Table VI shows the results of four experiments in which the exposure time was
2 hours. In all experiments, there is evidence of permeability when sarin vapor
alone reaches the skin. The vapor appears to penetrate to the dermis so slowly
that most of it is decomposed before the end of the observation; often no active
sarin remains at the time of analysis oIorimetric readings are zero). Judging
TABLE V
Effect of adhesive stripping on the rate of penetration of sarin
Exp'tNo. Age & Sex
Time
Post
Mortem
(Hours)
Injury
Conduc-
tivity(Micro-
amperes)
Exposure
Time
(Hours)
Tern.
(°C
1
2
3
4
44F
72 F
80M
48 M
9
9
15
17
control
6 strippings
12 strippings
control
6 strippings
16 strippings
control
6 strippings
12 strippings
18 strippings
control
6 strippings
12 strippings
24 strippings
2
5
320
3
3
60
3
18
43
125
1
7
17
65
1
1
1
1
1
1
1
1
1
1
2
2
2
2
Rate of Penetration
(mis M/cm'.hr)
Colon- Radio-
metric active
150
136
12040
186
207
421
372
593
887
1014
200 600
429 1142
436 1530
4720 5280
RT*
RT
RT
RT
RT
RT
RT
RT
RT
RT
37
37
37
37
* RT = Room Temperature = 25-27°C
TABLE VI
Rate of penetration of sarin in the liquid and vapor states
Exnerirnent
Number Age & Sex
Time Post
Mortem
(Hours)
Phase Conductivity(Microamperes)
Rate of Penetration
(ma M/cmi.hr)
Colorinietric Radioactive
1
2
3
4
64F
66F
62 F
71 F
18
11
19
9
vapor
liquid
vapor
liquid
vapor
liquid
vapor
vapor
liquid
liquid
3
3
1
1
<1
<1
1
2
<1
2
7
236
0
100
29
43
0
0
29
36
171
707
179
536
157
143
79
57
234
279
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from radioactivity measurements, the sarin appears to penetrate three to four
times more rapidly as a liquid than as a vapor.
DISCUSSION AND SUMMARY
The rate of penetration of sarin through a confined area of excised human skin
is independent of the amount applied, as long as the entire area is covered with a
reserve amount of sarin. Soon after sarin is applied to the skin, the rate of pene-
tration seems to become relatively constant. It increases approximately two-fold
for a 100 C rise in temperature. As would be expected, superficial trauma to the
skin increases the rate of penetration. By means of successive strippings with
adhesive plaster, it can be shown that the major barrier against penetration is
near the base of the comiIled epithelium. Penetration occurs when sarin reaches
the cutaneous surface only as a vapor, but the rate is slower under such condi-
tions than when liquid sarin is placed on the skin.
The rate of penetration of sarin under controlled conditions varies widely
from one piece of skin to another. This is normal biological variation. The rate of
penetration of water also varies from skin to skin. No method has been devised
for measuring the rate of penetration of water from the outside of a piece of
excised skin into the dermis, but there is no reason to believe that this would
differ from the rate of penetration in the reverse direction, which can be easily
measured. Temperature and vapor pressure influence the rate of water loss
through the skin; it ranges from 5000 to 20,000 mt M/cm2 .hr (6). Sarin almost
never penetrates at a rate in excess of 700 m M/cm2 .hr and its rate is usually
less than 350 mz M/cm2.hr.
The fact that sarin can produce severe and rapid systemic reactions when
placed on the skin of a living animal may tempt one to decide erroneously, as in
the case of vesicant gases, that sarin quickly penetrates the skin. Quantitative
measurements show, however, that sarin does not penetrate as rapidly as water,
and the skin is considered to be a good barrier against the penetration of water.
Sarin anpears to penetrate rapidly only because very small amounts suffice to
cause severe systemic reactions.
Sarin probably penetrates the barrier without the assistance of any energy
derived from living cells. We believe, therefore, that the rate of penetration into
excised human skin closely approximates the rate of penetration into the intact
skin of a living person. In subsequent papers we propose to discuss methods for
measuring the rate of penetration of sarin through the skin of living animals and
also the avenue of penetration through the skin as shown by autoradiographs.
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